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A significant number of follow-up reports have been presented on the Brånemark system,4-7 with results closely paralleling those of the Gothenburg team. 2,3 In these presentations, little information is given regarding reasons for and the incidence of implant failures in relation to patient and jaw bone characteristics.
The objective of the present study was to reveal in more detail the cause and incidence of early fixture failures, evaluated up to the time of prosthesis placement. The study involved a large number of consecutively placed Brånemark implants.
Materials and Methods
The study was performed as a retrospective investigation of patients treated in the Brånemark Clinic (Gothenburg, Sweden) and comprised a total of 4,641 Brånemark implants (Table 1) . These fixtures had been consecutively placed between 1 January 1986 and the end of December 1988. During this 3-year period, 943 stage 1 surgeries were performed (Table 1) . Of the treated patients, 510 were women, 24 of whom had fixture operations in both the maxilla and the mandible. The total represented 534 jaws. There were 379 men, of whom 30 had bimaxillary treatment, for a total of 409 jaws. The mean age of the treated patients at the time of implant placement was 57.5 years (range 13 to 88 years). The last patient included in the study had abutments connected in May and the prosthesis completed in June 1989.
The preoperative examination and placement of the fixtures followed a well-established protocol.8 Twelve surgeons at the clinic were involved in the surgical treatment. Their clinical experience with the Brånemark system varied widely, ranging from no previous experience (eight doctors) to more than 10 years' experience.
Computer forms were used at fixture placement, abutment connection, and in connection with the removal of failing implants. Besides the previously mentioned patient characteristics, the following parameters were retrieved from the computer forms and surgical protocols:
1. At fixture placement, the surgeon determined jaw shape and bone quality in surgical areas according to the classification proposed by Lekholm and Zarb.9
2. The jaw situation, position, and size of inserted implants were registered. The implants were identified according to their placement as central (closest to the midline), terminal (the most posteriorly inserted), and intermedial (all implants between the central and terminal).
After abutment connection, all implants were carefully followed up to insertion of the prostheses with regard to clinical stability and pain reaction. Only when a patient had failing implants before, during, or after abutment connection were the files thoroughly examined, with focus on the following parameters:
1 . Surgical errors and complications encountered during the placement of implants, such as lack of initial implant stability. (A clinical definition of an initially unstable implant is lack of resistance during final tightening of the cover screw or mobility of the fixture mount when still on the implant.)
2. Bone defects with the presence of buccal or lingual concavities, fibrous tissue healing instead of bone regeneration after former tooth extractions, etc, at individual implant sites.
3. Signs of complications during the subsequent healing period, such as pain, soreness, wound infection, mucosal perforation, etc.
Time when the failing implant was removed.
Fixtures failing after the prostheses had been placed were not included in the present study. No statistical analyses were performed because the study was designed to be reported as a descriptive paper.
Results
Sixty-nine implants (1.5%) were recorded as failures before the prostheses were connected (Table 2) . Of these, 51 were maxillary (2.9%) and 18 were mandibular implants (0.6%). The failed implants were found in 57 jaws. The distribution of these jaws, regarding sex, jaw type, and degree of edentulism, may be seen in Table  3 .
When failed implants were distributed according to fixture size (Table 2) , it was found that approximately 7.1% of all 7-mm implants placed in edentulous maxillae were lost. The corresponding failure rate for edentulous mandibles was 3.1%. No specific pattern with regard to fixture size could be observed in partially edentulous jaws, however.
The intermediately placed implants showed a failure rate of 0.9% (4/457) in edentulous maxillae. The corresponding figures for centrally and terminally placed fixtures were 3.0% (16/536) and 4.9% (26/536), respectively. The distribution of failures was more haphazard in edentulous mandibles, and it was not possible to observe any obvious pattern with regard to failure and position in partially edentulous patients.
Regarding jaw shape and bone quality, registrations were performed in 292 maxillae and 443 mandibles, as seen in Table 4 . For the remaining 208 jaws, these data were unavailable. However, as these jaws did not represent any specific time period or type of patient, they have not been considered to influence the consistency of the total patient population regarding jaw shape and bone quality. Therefore, the distribution of the total number of jaws concerning jaw shape (Table 5 ) and bone quality (Table 6) was calculated for the different groups by using the data obtained. Accordingly, jaws with advanced resorption (groups D and E) showed the highest frequency of failure (Table 5) . Regarding bone quality, group 4 of the maxillae and group 1 of the mandibles presented the highest fixture loss rates (Table 6 ).
Twenty-seven of the failed implants (39%) were associated with a comment made in the surgical protocol form at the time of implant placement. It was noted that either a bone defect or a limited amount of jaw bone was present in the particular area. Furthermore, it was recorded in 22 of the failures (32%) that the fixtures were placed in sites with extremely soft bone and/or that initial implant stability was not achieved.
Most of the implants (69.6%) were identified as failures during abutment connection. Only four implants were lost before the second surgical stage. The remaining 17 fixtures were found mobile after the abutment operation but before the prostheses were connected (Table 7) .
Discussion
This investigation showed that 69 ( 1.5 %) of the fixtures placed failed to osseointegrate before they were loaded with fixed prostheses. The results of this report thus correspond well with, and even exceed, the results of previous studies. 2,4-6,8 One reason for this finding may be the high number of implants placed (4,641 fixtures over 3 years), a situation that might contribute to a good quality and consistent level of treatment.
More fixtures were lost in maxillae than in mandibles, a finding consistent with other reports.2,4-6,8,10 An often-discussed explanation for this difference is that maxillae have a less favorable bone texture than mandibles. The present study also clearly showed a relationship between implant failures in the maxillae and poor bone quality (Table 6 , group 4), which supports this suggestion. However, in corresponding mandibles, the most frequent bone type observed in relation to implant losses was the group type 1.
Concerning jaw shape, it was detected that a majority of failures developed in maxillae and mandibles with advanced resorption. Thus, severely resorbed jaws, when combined with both poor and dense bone qualities, are to be considered potential risk situations for fixture placement.
Regarding jaws with high bone density, overheating of the surgical sites during preparation may occur if proper irrigation is not provided, resulting in subsequent implant failures during healing. Jaws with poor bone quality may be at risk for establishing initial instability of the implants, thus also resulting in early fixture failures. Notes in the surgical records supported these suggestions, as bone defects and/or limited bone volumes were reported in connection with as many as 39% of the failure sites. Furthermore, in 32% of the losses, bone quality was considered by the surgeon at fixture placement to be extremely soft. Thus, jaw shape and bone quality must be regarded as the most influential factors on fixture survival.
The anatomic conditions should therefore always be properly evaluated prior to surgery. Furthermore, the surgeon should be skilled and prepared for adjustments in surgical technique when performing the procedures. If not, early failures may occur more easily, which has also been suggested by others.11
When the length of failing implants in edentulous jaws was considered, it was observed that the shortest fixtures (7 mm) had the highest failure rate, both in the maxillae (37/520) and mandibles (6/196) . Because the length of the implants presumably may indicate the state of jaw bone resorption, these findings may also support the previous hypothesis. Thus, a higher degree of early failures is to be expected when small bone volumes are present for fixture insertion. Similar indications have also been proposed in previous reports.2,5,8,10 Even though some short implants failed during healing, it must be remembered that the majority of the 7-mm fixtures still became integrated and subsequently were used to support prosthetic restorations.
In contrast to the findings in edentulous jaws, no relationship between implant length and early failures was observed in partially edentulous patients. Perhaps bone quality in the surgical sites was more favorable in the latter group. Another reason could be the small number of short fixtures used (77) in the partially edentulous jaws of this study, making the outcome more coincidental. However, because totally edentulous patients (when compared with the partially edentulous) more frequently wore removable dentures during healing in this study, they may represent a higher risk for preloading of implants.
Because 42 of 46 failing fixtures in edentulous maxillae had been placed in central and/or terminal positions, the location of the fixtures also seemed to be important for the outcome, at least in the maxilla. In most situations, the locations recorded roughly concur with the incisive and premolar/molar regions, thus giving further support to the assumption that anatomy may have an influence on the development of early failures. This becomes even more evident with intermediately placed implants, which show a very low failure rate. These fixtures presumably were placed in the canine strut region, with its good bone support. In contrast to the maxillae, no corresponding relationship between location and fixture losses could be observed in the mandibles. This experience may be related to the fact that mandibles are more homogeneous in their topography between the mental foramina.
A majority of the failing fixtures (48/69) were diagnosed during the abutment operation. Few symptoms had appeared to suggest failure of these implants during healing, which is in accordance with other studies.2,4-6,8,11 Instead, it was more surprising to observe that as many as 17 fixtures (14 in the maxillae), which had been considered stable at abutment connection, were still found mobile before being loaded. It could be hypothesized that the surgeon may have overloaded the implant and traumatically disrupted the newly established osseointegration during stage 2 surgery. The fixture could then have been mechanically tightened deeper into the bone, giving a false impression of implant stability. During subsequent healing, the bone compressed by the fixture may have resorbed, thus more readily revealing implant mobility.
Another explanation for the delayed losses could be traumatic overloading of the implant during the weeks following abutment connection. Accidental contacts between implants and opposing teeth can certainly occur but should be prevented by using surgical packs and/or dental splints. Individual implants can be easily overloaded, but grouped as a unit they can absorb almost any chewing force. Thus, it is important to plan treatment so that the definitive restoration can be connected as soon as possible after stage 2 surgery, thereby protecting the individual implants from accidental overload.
Conclusion
Jaw shape and bone quality seemed to be the two most important factors for early fixture failure in this study. While the same factors may be significant in the maintenance of osseointegration during functional periods, this was not revealed by the present results. This observation will be the focus of other investigations.
